The Internet has become an irreplaceable tool for facilitating communication, commerce and the acquisition of information all over the world (Freund & Weinhold 2004) . It has also opened new doors for worldwide trade in exotic animals, which is already a well-established business (Broad et al. 2003; Lavorgna 2015; Harrison et al. 2016) . Nowadays, a growing number of articles describe trade in live vertebrates (e.g. mammals, birds, reptiles or amphibians) as a global problem, with a negative impact on wild populations (Auliya et al. 2016a, b; Mori et al. 2017; Bergin et al. 2018) . Although the number of live amphibians on the pet market is still much smaller than that of other vertebrates, interest in these animals as pets seems to be increasing (Pistoni & Toledo 2010; Prestridge et al. 2011; Carpenter et al. 2014; Rowley et al. 2016) . Unfortunately, the greater part of traded amphibians still comprises animals caught in the wild (Herrel & van der Meijden 2014) ; moreover, international trade in these animals is not regulated for about 98% of species (Auliya et al. 2016b ). This has led to mass overexploitation of populations and has accelerated the dynamics of decline in global amphibians (Collins & Storfer 2003; Stuart et al. 2004; Andreone et al. 2012; Robinson et al. 2015; Rowley et al. 2016) .
Amphibians kept as pets may escape from captivity to the wild ecosystem or by being accidentally or deliberately released by private owners. This may contribute to an increased risk of spreading of non-native and invasive species (Prestridge et al. 2011; Measey et al. 2012) . The potential impact on native species includes competition for food and habitat or the introduction of pathogens (Mooney & Cleland 2001; Picco & Collins 2008) . Indeed, trade in amphibians is one of the main factors involved in the spread of infectious diseases caused by Batrachochytrium dendrobatidis (Bd) and Batrachochytrium salamandrivorans (Bsal) or by ranaviruses (RVs), which constitute a real threat to wild and captive populations (Fisher & Overharvesting and trade in amphibian populations is one of the causes of their global decline. Online trade not only encourages the exploitation of an increasing number of rare and endangered amphibian species from all over the world but also influences the spread of invasive species. The aim of our research was to investigate the amphibian pet trade conducted in online stores and portals in Poland and determine its potential impact on native species. Between November 2013 and October 2014, we regularly (on a monthly basis) checked sale offers on the websites of the 18 biggest pet shops in the country specialised in exotic animals, on a nationwide auction portal and on three exotic pet fan portals. During the study, we reported 486 offers of 112 amphibian species in online stores and on portals. Most of the offers involved one of the four families of amphibians: poison dart frogs (Dendrobatidae), tree frogs (Hylidae), true toads (Bufonidae) and true salamanders (Salamandridae). Our data show increased interest in amphibians as pets in Poland. At least half of the offered species are possible hosts for the chytrid fungus Batrachochytrium dendrobatidis. However, only one species, the American bullfrog Lithobates catesbeianus (Shaw, 1802), appears to be a potential invasive species. To summarise, the species offered in Poland that are characterised as threatened are predominantly those that are relatively easy to breed and that are popular as pets. Further studies are required to investigate the real threat to wild amphibian populations caused by the pet trade.
Garner 2007; Schloegel et al. 2009; Martel et al. 2014; Nguyen et al. 2017) .
In the present study, we evaluate the level of the amphibian pet trade in Poland, which is primarily driven by the Internet. At that time, the scale of the animal pet trade is greatest on online shops and exotic pet portals, partly because (1) auction portals prohibit trade in species listed in CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) and (2) between 2012 and 2016, Polish law strictly limited trade in live vertebrates at fairs, to the point of almost strictly forbidding it. Major objectives of our survey include compilation of a full species list for the amphibian pet trade in Poland based on pet stores and online portals and discussion of the potential impact of trade in exotic amphibians on native species.
MATERIALS AND METHODS
We collected information on non-native amphibians offered on websites in the 18 largest pet shops in Poland (central Europe), which is specialised in live exotic animals. The examined shops were located in 9 of the country's 16 voivodeships. We also conducted a survey of private sale offers placed on a nationwide auction portal and three main exotic pet online portals. Websites were checked regularly, once a month, between November 2013 and October 2014. Ads placed by the same seller several times a year or in different places (e.g. two portals) were considered to constitute a single record. We used Spearman correlation to find out if there is a relationship between number of offers and IUCN threat category (offers for the species with deficient data or not evaluated in IUCN were not included in this analysis). We also used the chi-square test to compare number of offers of CITES species with those not listed in CITES.
In order to determine which species might pose a potential threat to native populations, we checked which of them had been reported in the literature as a carrier of Bd (we used only Bd as the best described example of deadly pathogen with many known specific hosts) or as potentially invasive in Poland.
Taxonomy
The use of incorrect names (e.g. obsolete names or synonyms) amongst the species available in the pet trade causes a problem in taxonomic evaluation. There are no official databases with Polish names for exotic pets; moreover, some sellers do not use scientific names. Thus, because of some difficulties in taxonomy, all names used in ads were categorised according to Frost (2014) . Taxa in offers that contained only Polish names and were not supplemented by a photograph, thereby preventing correct identification, were classified only to genus level.
RESULTS
In total, we recorded 486 sale offers of live amphibians in online stores and on portals: 474 of these were identified to species level and 12 to genus level. We recorded 19 families, including 112 species, of non-native amphibians involved in the commercial pet trade in Poland (for a full list, see Appendix 1). Amongst orders, Anura, represented by 94 species, was the most common and was found in 423 ads, whilst Caudata was represented by 17 species and recorded in 62 ads. There was only one ad involving Gymnophiona, represented by the Rio Cauca Caecilian Typhlonectes natans (Fischer, 1880) . The amphibian families representing the most species offered were poison dart frogs (Dendrobatidae; 19 species, 112 ads), tree frogs (Hylidae; 13 species, 63 ads), true toads (Bufonidae; 12 species, 30 ads) and true salamanders (Salamandridae; 12 species, 33 ads). Table 1 lists the most popular species traded in Poland (more than 10 offers during the survey period).
Most of the advertised species are included in the lowest threat IUCN categories: 83 species (348 offers) are listed as LC (least concern) and 8 species (36 offers) are listed as NT
Figure 1. Participation of species in each IUCN category recorded in our survey. Most advertised species are included in the lowest category, LC (least concern; 74%), followed by NT (near-threatened; 7%), VU (vulnerable) and EN (endangered; 5% each), CR (critically endangered; 2%), DD (data deficient; 5%) and NE (not evaluated; 2%).
.
(near threatened). The remaining 21 species are classified in the following categories: VU (vulnerable, 14 offers), EN (endangered, 26 offers), CR (critically endangered, 22 offers), DD (data deficient) and NE (not evaluated; Fig. 1 ). We did not find a correlation between number of offers and threat categories (r = 0.08, p > 0.05). We also recorded significantly more offers concerning CITES-listed species (313 offers) than those not listed (151 offers) (p < 0.05). Amongst the advertised species, at least 61 (54.5%) species have been reported as Bd vectors, comprising 51 Anura (54%), 8 Caudata (47%) and 1 Gymnophiona (Appendix 1). In addition, one species, the American bullfrog Lithobates catesbeianus (Shaw, 1802) , is considered as potentially invasive.
DISCUSSION
We recorded a total of 112 species of amphibians, which, when compared to similar investigations, provided relatively large and diverse offer (Prestridge et al. 2011; Tapley et al. 2011; Magalhães & São-Pedro 2012; Sy 2014) . During the research period, the Internet was the main distribution channel for exotic amphibians in Poland; thus, our results appear to be representative. However, they are probably only a sampling of the species involved in the long-term Polish amphibian trade. We realised that the current situation might have changed since our survey. Nevertheless, pronounced increased interest in amphibians as pets in Poland is clearly shown by a comparison of our data with previously published reports of the trade in CITES species (Kepel et al. 2004 (Kepel et al. , 2009 Fig. 2) .
The most popular amphibian family recorded in this study were poison dart frogs, amounting to approximately 46% of advertised amphibians (Table 1) . Auliya et al. (2016b) described this family as 'the most wanted' pet amphibians. These anurans are generally small bodied, which, in combination with their attractive colouration and interesting behaviour, influences their popularity as pets (Gorzula 1996; Prestridge et al. 2011; Ruland & Jeschke 2016) . The second most popular non-native amphibian in Poland, the Oriental fire-bellied toad Bombina orientalis (Boulenger, 1890) , is regularly bred in captivity; nevertheless, many specimens originate from the wild (Carpenter et al. 2014; Herrel & van der Meijden 2014) . Amongst salamanders, the most frequently offered species for sale, the Axolotl Ambystoma mexicanum (Shaw, 1789), is also (Kepel et al. 2004 (Kepel et al. 2009 ).
. (Carpenter et al. 2014 ). This may be related to the current preferences of breeders or the greater breeding requirements of these species. We did not investigate aquarium store sales, but strictly aquatic species such as the Axolotl, the Oriental firebellied newt Hypselotriton orientalis (David, 1873), the African dwarf frogs Hymenochirus spp. and the African clawed frog Xenopus laevis (Daudin, 1802) are only occasionally offered and traded in Poland mainly as ornamental aquatic animals (M. Kaczmarski & K. Kolenda, unpublished data). To date, amongst these aquatic species, the import rate has been most precisely calculated in the United States (Herrel & van der Meijden 2014; Measey 2017) , and all of these species have also been frequently reported as popular pets in many countries (Gerson 2012; Magalhães & São-Pedro, 2012; Sy 2014 ).
Threat categories and CITES species
Previous studies confirmed that amphibian trade was more likely to concern species threatened with extinction than common ones (Bush et al. 2014; Stuart et al. 2014 ). We didn't find correlation between the number of offers and threat categories. We suggest that trade in Poland does not have a significant negative impact on the most threatened species (IUCN categories VU, EN and CR), as we found only few of these species in recorded offers (Fig. 1, Table 1 ). Amongst these threatened species, only 7 of the 14 are not listed in the CITES Appendices (Table 2) . We also recorded significantly more offers concerning CITES-listed species than those not listed. It is worth emphasising that we find relatively high shares of CITES-listed amphibians amongst all offers: 29% of frogs and 6% of salamanders. Compared to trade in the United States, the quota of CITESlisted frogs increased their share from 11% to 18% and salamanders decreased from 11% to 4% (between 1992 and 2005; see Tapley et al. 2011) . However, as far as we know, controls on cross-border trade do not prevent the illicit trafficking of species from the CITES list (Nijman & Shepherd 2010; Pistoni & Toledo 2010; Nijman & Shepherd 2011) . Nevertheless, beyond all doubt, CITES enables closer tracking of amphibian shipments in global trade (Carpenter et al. 2014) . Importantly, despite the regulations associated with the CITES convention, poison dart frogs remained the most popular family in the pet trade for many years (Gorzula 1996; Nijman & Shepherd 2010; Pistoni & Toledo 2010; Prestridge et al. 2011; Carpenter et al. 2014 ). However, Schlaepfer et al. (2005) indicated that most of the most heavily traded amphibians were not regulated by CITES. A lack of restrictions is one of the reasons for the continued access to individuals obtained from the wild (Stuart et al. 2014; Rowley et al. 2016 ; but see Challender et al. 2015) . Inclusion in CITES restrictions on wild-caught species (e.g. the Kaiser's (Mobaraki et al. 2013 ). This kind of process -the tightening of the law -commonly results in price increases and may reduce the field-collection of individuals but largely it seems to be dependent on the capabilities of breeding the species in captivity. On the other hand, in relation to the difficult-to-breed species, increased protection may lead to a significant increase in field capture rates (Tapley et al. 2011 ) and accelerated demands for rare and expensive species, which is described as the Allee effect (Harris et al. 2013 ).
The pet trade as a potential threat to native species
In recent years, the list of Bd-susceptible amphibians has increased rapidly (Olson et al. 2013 ). Gerson (2012) stated that 26% of 173 amphibian species was imported into Canada between 2002 and 2010 and destined for the aquarium and pet trade tested positive for Bd. Our results revealed that at least 54.5% of species offered for sale are potential hosts for Bd; however, we expect the actual number to be higher as a result of small sample sizes or lack of data for many listed species (Appendix 1). To determine the real prevalence of infections in captive amphibians, a widespread programme aimed at detecting this and other fatal pathogens (e.g. Bsal and RVs) should be conducted across the country.
Monitoring of Bd and Bsal in captive collections (public institutions, the pet trade and private breeders) in the Czech Republic showed that about 5% and none of amphibians were infected with Bd and Bsal, respectively (Havlíková et al. 2015 , Baláž et al. 2018 . These pathogens, along with RVs, were also found in Germany amongst amphibians in captivity (Mutschmann et al. 2000; Stöhr et al. 2013; Sabino-Pinto et al. 2015; Nguyen et al. 2017) . Simultaneously, Bd infections in native amphibian populations were discovered in both countries, whilst Bsal were found only in Germany (Ohst et al. 2013; Baláž et al. 2014 Baláž et al. , 2018 Spitzen-van der Sluijs et al. 2016) . Fairs in the Czech Republic and Germany are also considered an important source of exotic amphibians subsequently shipped to Poland. Thus, we suggest two possible entry routes for pathogens transmission, which are not mutually exclusive: (1) crossborder trade and (2) progressive spread of the pathogen across Europe. Indeed, during a pilot study, Bd was found in two localities in southwestern Poland, including one on the Czech border (Kolenda et al. 2017 ).
From our species list, only the American bullfrog, which is already established in Europe seems to be a potentially new coloniser in Poland (Kopecký et al. 2016) . There are introduced populations in Germany in climates similar to Poland (Santos-Barrera et al. 2009 ). The American bullfrog has been identified as a threat to European fauna (Kopecký et al. 2016; European Environment Agency 2012) and also as a potential alien species in Poland (Rozporządzenie 2011) . Although possession and breeding of this species in Poland is limited, requiring a special permit, we found one ad (probably illegal) concerning this species.
CONCLUSIONS
Keeping exotic pets entails many benefits for both people and animals; however, special attention should be paid to the resulting risks. To reduce the risk of the release of pathogens into the wild in Poland and/or infection of other captive amphibians, we suggest that animals should be regularly tested for the presence of Bd (and other pathogens if possible) and that guidelines should be created for handling amphibians in captivity (Fisher & Garner 2007; Kriger & Hero 2009; Havlíková et al. 2015) . The commercial availability of wild-caught specimens is justified; however, it is also important to keep only captive-bred animals deriving from legal sources (Pasmans et al. 2017) . At the same time, local studies involving checklists of the pet trade in amphibians should be conducted to obtain a clearer picture of the global trade problem and in order to establish better conservation measures (Ruland & Jeschke 2016) . Finally, we stress the need to disseminate the latest knowledge in this area at the local and regional levels, with stronger restrictions or even bans on trade in species that have been obtained illegally. More education and greater awareness on the part of businessmen, breeders and animal owners is the main way to reduce unwanted trafficking in amphibians (Pasmans et al. 2017) 
